Background
==========

White matter ischemic lesion (WMIL) is commonly seen in the elderly \[[@b1-medscimonit-20-1525]\]. In WMIL patients, cognitive impairment adversely influences daily living activities and quality of life \[[@b2-medscimonit-20-1525]\] while increasing caregiver burden \[[@b3-medscimonit-20-1525]\]. The cerebral glucose metabolism decrease may reduce white matter integrity due to tissue damage or indirectly as a consequence of anterograde Wallerian and/or retrograde axonal degeneration \[[@b4-medscimonit-20-1525]\]. Furthermore, reduced white matter integrity has been found to be associated with cognitive impairment \[[@b5-medscimonit-20-1525]\]. The severity and progression of WMIL are closely linked to vascular dementia (VaD). In most Western countries, VaD makes up at least 10--20% of dementias, and in some Asian countries it is the most common form of dementia \[[@b6-medscimonit-20-1525],[@b7-medscimonit-20-1525]\]. The function of neural tissue is closely linked to glucose consumption, which is the most important energy-supplying metabolic process \[[@b8-medscimonit-20-1525]\]. Over the past few years, positron emission tomography (PET) has contributed much to the understanding of neurological disorders \[[@b9-medscimonit-20-1525]\]. With this technique, the effects of glucose consumption on regional disturbances and changes in functional activity can be detected. At the present time, PET can provide regional and 3-dimensional quantification of glucose metabolism in the human brain \[[@b10-medscimonit-20-1525],[@b11-medscimonit-20-1525]\]. Using measurements of the concentration of an injected radio-labelled glucose analog in small volumes of tissue along with appropriate reconstruction algorithms, computed tomographic images of the spatial tracer distribution can be obtained \[[@b12-medscimonit-20-1525]\].

Our study investigated the correlation between cognitive function and cerebral metabolic rate for glucose utilization (CMRglu) by using dynamic ^18^fluorine-fluorodeoxy glucose (^18^FDG) PET imaging technology. The purpose of our study was to explore clinical and neuropsychological evidence for early detection of WMIL. We tested the following hypotheses: a) WMIL patients will show impairment in cognitive and executive function components, b) Patients with WMIL will show lower CMRglu values as compared to case controls, and c) There would be a correlation between CMRglu values and executive function.

Material and Methods
====================

Study subjects
--------------

A prospective case-control study was designed. The study was conducted in the Department of Neurology, Beijing Chaoyang Hospital, Capital Medical University. In our study, 30 WMIL patients and 30 healthy older people were recruited consecutively during a 10-month period (March 1 to December 31, 2013). The 2 groups were matched for age, sex, and level of education. To be included, subjects had to be between the ages between of 60 and 80 years; have some degree of white matter hyperintensity on MRI; had to have no or only mild disability as determined by the Instrumental Activities of Daily Living Scale \[[@b13-medscimonit-20-1525],[@b14-medscimonit-20-1525]\]; and had to sign an informed consent. Exclusion criteria were \[[@b14-medscimonit-20-1525]\]: likelihood of dropping out because of the presence of severe illness (e.g., cardiac, hepatic, or renal failure, cancer or other relevant systemic diseases); severe unrelated neurological diseases; leukoencephalopathy of nonvascular origin (immunological, demyelinating, metabolic, toxic, infectious, other); severe psychiatric disorders; dementia (any type, determined from the medical record); identified as having had other confounding conditions that might have independently produced cognitive impairment; inability to provide informed consent; and inability or refusal to undergo PET.

Informed consent with written documentation was obtained from participants with co-signature from a legally authorized representative. The study was approved by the Human Research Protection Office and the Radioactive Drug Research Committee of Beijing Chaoyang Hospital, Capital Medical University.

Procedure and imaging acquisition
---------------------------------

All the participants underwent comprehensive clinical and neuropsychological examinations, and 3.0-T MRI. Patients in the WMIL group were subdivided into 3 severity subgroups according to the Fazekas scale. Furthermore, all patients involved in our research were subjected to ^18^FDG. Following that, the PET images were obtained. CMRglu was evaluated with semi-quantitative method by calculating the cerebral glucose standard uptake value (SUV) \[[@b15-medscimonit-20-1525]\].

Cognitive assessment
--------------------

The subjects' cognitive function was evaluated with the Chinese versions of the Mini-Mental State Examination (MMSE) \[[@b16-medscimonit-20-1525]\] and Montreal Cognitive Assessment (MoCA) \[[@b17-medscimonit-20-1525]\]. We gave the MMSE and MoCA on the same day to the subjects, ranging in age from 60 to 80 years, stratified by decade. Half took the MMSE first, and half took the MoCA first. We subsequently gave them trail making tests A and B (TMT-A, TMT-B). TMT-A and TMT-B assess a person's ability to sequence and shift perceptual sets, concentration and vigilance, and visuomotor scanning and tracking speed \[[@b18-medscimonit-20-1525]\], which reflect executive control functioning \[[@b18-medscimonit-20-1525],[@b19-medscimonit-20-1525]\].

FDG PET studies
---------------

All patients fasted for at least 6 h (blood glucose level \<160 mg/dl) and underwent brain dynamic ^18^FDG PET (Gemini GXL, Philips Medical Systems, Cleveland, OH, USA) scan. Details of the PET study were explained to the patients and they provided written informed consent as established by our Ethics Committee. After intravenous bolus administration of ^18^FDG (ranging from 185 to 200 MBq) \[[@b20-medscimonit-20-1525]\], a dynamic list-mode acquisition protocol was started, lasting 60 min. Data were corrected for random events, dead time and attenuation; images were reconstructed using an iterative method of line of response (3-D row action maximum likelihood algorithm LOR) implemented by Philips. Images were visualized and analyzed using a dedicated software package (PMOD, University of Zurich, Switzerland \[[@b15-medscimonit-20-1525],[@b21-medscimonit-20-1525]\]) in coronal, sagittal, and transverse views.

Data analysis
-------------

All statistical analyses were conducted using SPSS software, version 16.0 (IBM, Armonk, NY, USA). Data are expressed as means ± standard deviation (*x±s*). First, an analysis to check whether cases and controls were matched on the main socio-demographic variables (sex distribution, age, and educational level) was performed. Group differences in demographic variables, MoCA scores, and MMSE scores were examined using one-way analysis of variance (ANOVA) or chi-square analysis. The Pearson correlation was used to analyze the associations between CMRglu and TMT. Mean differences for each pair of sessions were compared using the least significant difference (LSD) test. Variables were analyzed by univariate and then multivariate logistic regression. All remaining variables were entered in the analysis as binary variables (present/absent). A value of *P*\<0.05 was considered indicative of a statistically significant difference.

Results
=======

This was a case-control study involving 30 WMIL patients and 30 healthy control subjects. No white matter lesions were detected in the control group. The sex, age, and education level were very comparable between the 2 groups. A detailed description of the demographics of the patients included in our study is shown in [Table 1](#t1-medscimonit-20-1525){ref-type="table"}. Briefly, the patients in the WMIL group had higher rates of diabetes and blood pressure. However, there were no significant differences in these parameters between the 2 groups. The other cerebrovascular disease risk factors were also similar in the 2 groups.

The MMSE scores were lower for the WMIL group; however, there was no significant difference in MMSE scores between the WMIL group and the control group ([Table 2](#t2-medscimonit-20-1525){ref-type="table"}). The results of this study demonstrate the accuracy of MoCA in the diagnosis of WMIL patients' cognitive impairment. When the subjects were grouped by decade of age, a statistical difference was observed between MMSE score and MoCA score in the 8^th^ decade (70--79 years old) ([Table 3](#t3-medscimonit-20-1525){ref-type="table"}).

The most common impairments in 30 WMIL patients were executive dysfunction (n=13; 43.3%), followed by memory (n=11; 36.7%) and attention (n=9; 30.0%) impairments. Orientation to time and place impairments (n=2; 6.7%) as well as visuospatial functional impairments (n=3; 10.0%) were the least common. Of the 13 WMIL patients who showed executive dysfunction, most exhibited impairment in cube copying (n=7; 46.2%) or trail making (n=9; 69.2%), and 3 subjects (23.1%) displayed impairments in both.

The mean time of TMT-A was 104.5±10.82 s in the case group and 89.6±13.65 s in the control group. For TMT-B, the mean time was 203.0±16.87 s and 181.6±14.02 s, respectively ([Table 2](#t2-medscimonit-20-1525){ref-type="table"}). The results show statistically significant differences both in TMT-A and TMT-B ([Figures 1](#f1-medscimonit-20-1525){ref-type="fig"} and [2](#f2-medscimonit-20-1525){ref-type="fig"}). The case group was slower than the control group.

No significant differences were observed for any of the brain regions delineated between left and right CMRglu values (data not shown). Compared with the controls, the CMRglu values of gray matter were decreased in the WMIL group ([Figure 3](#f3-medscimonit-20-1525){ref-type="fig"}). Reductions of CMRglu in parietal lobe, frontal lobe, and white matter centrum semiovale were observed to different degrees in the WMIL groups according to the modified Fazekas scale. [Figures 4](#f4-medscimonit-20-1525){ref-type="fig"} and [5](#f5-medscimonit-20-1525){ref-type="fig"} show the mean of CMRglu in the right frontal lobe and right temporal lobe in different degrees of WMIL patients according to the Fazekas scale. However, there were no significant differences among the 3 levels of WMIL groups in parietal lobe or occipital lobe ([Table. 4](#t4-medscimonit-20-1525){ref-type="table"}). No recent publications were available for comparison of these separate parameters in China. Furthermore, our study shows the negative correlation between TMT time and the right frontal lobe CMRglu value ([Figure 6](#f6-medscimonit-20-1525){ref-type="fig"}).

Discussion
==========

To the best of our knowledge, this is the first PET research in China to focus on factors that affect cognitive impairment. We have shown here that the MoCA, but not the MMSE, has adequate psychometric properties as a screening instrument for the detection of mild cognitive impairment in WMIL disease.

Naming and orientation were preserved even in patients with low MoCA scores. In contrast, cube copying (1 point), clock drawing (3 points), and trail making (1 point) scores decreased remarkably even in high MoCA score patients. We observed differences between the MoCA and MMSE subtests that measured similar abilities. For instance, the MoCA includes a 5-word delayed recall test, whereas the MMSE provides a 3-word delayed recall test; even for patients with high MoCA scores, 5-word recall was difficult according to the MoCA, whereas 3-word recall according to the MMSE was relatively preserved \[[@b22-medscimonit-20-1525]\]. In addition, the MoCA includes a subtest in which 2 sentences are repeated, whereas the MMSE includes a subtest in which a single sentence is repeated. Furthermore, the length and complexity of the sentences are greater in the MoCA \[[@b23-medscimonit-20-1525]\]. These results suggest that MMSE might lack specificity for cognitive impairment screening.

Previous ^18^FDG PET methodology studies had demonstrated hypometabolism in the cerebral hemisphere of ischemic stroke patients \[[@b24-medscimonit-20-1525]\]. This is in line with the present data, which shows decreased CMRglu in patients with WMIL as compared with controls. Ours is the first study using ^18^FDG PET methodology in WMIL patients in China. In WMIL patients (n=30), total gray matter CMRglu was lower than in controls. The strong correlation between CMRglu and cognitive function in ischemic lesion patients has previously been demonstrated \[[@b16-medscimonit-20-1525],[@b25-medscimonit-20-1525]\]. This study found that lower CMRGlu predicted executive function impairment ([Figure 6](#f6-medscimonit-20-1525){ref-type="fig"}), which is in line with the earlier reported results. As in experimental focal WMIL, where metabolism was found to be related to cellular loss, these metabolic studies using PET assessed the condition of the WMIL tissue and its propensity for functional deterioration \[[@b25-medscimonit-20-1525]\]. On the other hand, the results stressed the importance of the functional capacity of the whole brain in coping with a focal defect. The data suggest that WMIL is a chronic condition leading to ischemic cellular losses in the brain \[[@b26-medscimonit-20-1525],[@b27-medscimonit-20-1525]\]. These findings point to a possible pathomechanism of WMIL and a potential role for CMRglu as a biomarker for predicting the severity of WMIL.

Our study had several limitations. First, determination of the specificity and sensitivity of the MoCA for cognitive impairment in our population could not be made because formal neuropsychological testing was not performed. Second, undergoing the battery of cognitive assessments in addition to the MMSE and MoCA likely caused fatigue in our subjects, which may have increased the probability of error, although to compensate we offered a 5- to 10-min rest in the middle of the assessment sessions or spread assessments over 2 consecutive days. Finally, our sample size was not sufficiently large, limiting statistical power.

Conclusions
===========

MoCA appears to be a more sensitive screening tool than the commonly used MMSE for detecting cognitive impairment in patients with WMIL. Glucose metabolism measured with positron emission tomography was decreased in patients with white matter ischemic lesion. A significant negative correlation was found between executive function and CMRglu in the frontal lobe. These findings suggest a possible pathomechanism of WMIL and a potential role for CMRglu as a biomarker for predicting the severity of WMIL. However, the influence of glucose metabolism on cognitive impairment resulting from white matter ischemic lesion is variable and merits further research.
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###### 

The baseline characteristics of patients and risk factors associated with WMIL patients and case control group.

  Variable                     WMIL (n=18)   Case control (n=18)   *P*
  ---------------------------- ------------- --------------------- -------
  Female, n (%)                7 (38.9)      8 (44.4)              0.459
  Age, years, mean ±SD         68.7±5.1      69.2±5.5              0.743
  Education, years, mean ±SD   5.9±5.4       5.3±6.3               0.152
  Current smoking, n(%)        8 (44.4)      9 (50.0)              0.657
  Alcohol habits, n(%)         5 (27.8)      6 (33.3)              0.594
  Chronic hypertension, n(%)   9 (50.0)      8 (44.4)              0.692
  Diabetes mellitus, n(%)      11 (61.1)     11 (55.6)             0.513
  Cardiopathy, n(%)            4 (22.2)      5 (27.8)              0.391
  Dyslipidemia, n(%)           13 (66.7)     12 (72.2)             0.33

\* *P*\<0.05. Data are expressed as: mean ±SD and no. (percent). WMIL -- white matter ischemic lesion.

###### 

Neuropsychological performance.

  Variable   Case group   Case control group   *P*
  ---------- ------------ -------------------- -------------------------------------------------------------
  TMT-A      104.5±10.8   89.6±13.7            \<0.001[\*](#tfn2-medscimonit-20-1525){ref-type="table-fn"}
  TMT-B      203.0±16.9   181.6±14.0           \<0.001[\*](#tfn2-medscimonit-20-1525){ref-type="table-fn"}
  MoCA       22.8±2.1     24.3±2.4             0.0431[\*](#tfn2-medscimonit-20-1525){ref-type="table-fn"}
  MMSE       26.0±2.3     26.8±3.1             0.0722

*P*\<0.05.

Data are expressed as: mean ±SD and no. (percent). TMT -- trail making test; MoCA -- Montreal Cognitive Assessment; MMSE -- Mini-Mental State Examination.

###### 

Clinical measures grouped by decade.

  Decade (years)   N(60)   Age (years)   MMSE score; rrange   MoCA score; range    *P*
  ---------------- ------- ------------- -------------------- -------------------- ------------------------------------------------------------
  7^th^ (60s)      36      64.6±5.9      26.9±2.3;(24--29)    23.5±2.1; (21--26)   0.0516
  8^th^ (70s)      24      75.1±6.5      26.1±1.8; (24--28)   23.0±1.6; (20--25)   0.0412[\*](#tfn4-medscimonit-20-1525){ref-type="table-fn"}
  Mean             --      68.1±7.8      26.6±2.6; (24--29)   23.3±2.3; (20--26)   0.0475[\*](#tfn4-medscimonit-20-1525){ref-type="table-fn"}

*P*\<0.05.

Data are expressed as: mean ±SD. MMSE -- Mini-Mental State Examination; MoCA -- Montreal Cognitive Assessment.

###### 

Comparison of CMRglu in different degree of WMIL.

  Brain region (left)              Mild (n=9)   Moderate (n=15)   Severe (n=6)   *F*    *P*
  -------------------------------- ------------ ----------------- -------------- ------ -------------------------------------------------------------
  Frontal                          25.3±7.8     22.4±8.1          19.8±6.5       23.5   \<0.001[\*](#tfn7-medscimonit-20-1525){ref-type="table-fn"}
  Temporal                         27.4±8.3     24.1±7.4          21.6±7.1       25.2   \<0.001[\*](#tfn7-medscimonit-20-1525){ref-type="table-fn"}
  Parietal                         27.9±6.5     26.5±6.9          25.8±7.3       9.2    0.552
  Occipital                        23.9±7.2     22.5±6.7          22.3±6.5       3.2    0.697
  White matter centrum semiovale   13.0±3.6     10.6±4.4          9.1±3.5        11.4   0.047[\*](#tfn7-medscimonit-20-1525){ref-type="table-fn"}

Data are expressed as: mean ±SD and no. (percent). Units: *μ*mol 100 g^−1^min^−1^ (mean ±SD).

Statistically significant differences between sessions (*P*\<0.05).
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